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Page  34.1 
Page  37 
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Paragraph  3»1«4.1. 
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shut-off  operation. 
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was  "SP0-6CE-12-1OS  reference"  • 
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dual  heaters. 
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Deleted  Figure  10. 
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Added  water  vail  Detail  "B". 
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Page  8  Added  Figure  14  to  Index  of  Figures. 

Page  4  Recorded  Revision  "3"  pages  and  changes. 

Page  13  Revised  Paragraph  5.1.4. 3.1, "l480*F  for  -2" 

was  "950DF  for  -2", 

i.:  Page  2 6  Revised  paragraph  3.3. 3 *2.1  for  clarity. 

Revised  Paragraph  3«3.5.2.4,  Specified 

Figure  14  for  water  wall  surface  emissivity. 
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Page  27  R- vised  Paragraph  3. 3.4. 3.4,  Revised  t enperatures 

told  time  period. 

Added  Paragraph  J. >.-1.6.1,  Specified  requirement b 
for  ground  and  B-52  electrical  operation.  ■ 

Added  Paragraph  3«3*4.6.2,  Specified  requirements 

for  aerodynamic  heating. 

Page  52  Added  Figure  l4,  Emicsivity  of  Hastelloy  vs. 
Temperature. 
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3 .1*4. 3  Envircnment  - 
performance  after  exposure  to  any 
and  storage  conditions  and  during 
flight  conditions! 


The  equipment  shall  be  capable  of  satisfactory 
combination  of  the  following  transportation 
exposure  to  any  combination-  of  the  following 

Transportation  and  Flight  Operation 
Storage  -  Conditions  >  •  -  Cenditions  - 
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3. 1.4. 3.4 
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Acceleration 


3. 1.4. 3. 7 

3. 1.4. 3. 8 
3. 1.4. 3-9 


Acoustics 
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Atmosphere 


-65°F  to  160°F 

0  to  108$  including 
condensation 

Sea  Level  to  50,000  ■ 
Ft.  Altitude  -  -  •  ' 

No  Requirement 

Ivo  Requirement  . 


3.1.4. 3.6 

Shock 

1  3.1. 4.3.6. 1 

Norms'!  Shock 

Drop  per  paragraph 

5*3 

5.1.4.3.6.2 

Crash  Shock. 

No  Requirement 

No  Requirement 
Any  Attitude 

No  Requirement 


-65°F>to  220°F  for  -1 
-65 °F  tc!l48)5®Ffor  -2  B 

0  to  100$  including 
condensation 

■Approximately  • 

0  to  15  psia 

See  Figure  ^ 
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duration  maximum. 
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for  12- milliseconds 
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Lateral  +6. 9G  +18.8G;Jft 

See  Figure  7  for  -1 
See  Figu  17  or  -2 
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3*3.1  Pressure  -  The  design  pressure  of  the  -2  heater  shall  he 

as  required  to  meet  the  requirements  of  the  -1  valve  assembly  end  the  purging 
requirements  of  the  Secondary  Power  Bay  and  the  unpressurized  Equipment  Bay. 


3*3. 3.2 


Emissivity 


3.3. 3.2.1  The  emissivity  of  all  surfaces  of  the  -2  heater,  except 

that  surface  specified  in  Paragraph  3.3. 3.2. 2,  shall  not  exceed  0.1  at  -2  heater 
temperatures  below  950  F*  fc-  :.t  'r.,2. 

I 

3. 3- 3. 2. 2  The  emissivity- of  the  bottom  surface  of  the  -2  heater 

facing  the  corrugated  surface  as  shown  in  Figure  11  shall  be  as  required  to 
comply  with  the  performance  requirements  of  Paragraph  3.3.4. 

3 •  3 « .2,3  j.ne  emissivity  ol  all  Rene  4l  surfaces  seeing  the  -2  heater 

as  shewn,  in  Figure  11  is  Q.70. 

>3»3**. 4  The  emissivity  of  the  water  wall  surface  facing  the. -2  heater 
:■  will  be  as  noted  in  Figure  l4. 
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3.3.4  .  Performance 


3* 3*4.1  The  performance  of  the  -2  heater  shall  he  as  specified  in 

the  following  paragraphs. 

3. 3. 4.2  ,  Pressure  Drop  -  Deleted 

3*3. 4. 3  Electrical  Power  Consumption  -  The  total  electrical  power 

consumption  of  the  -2  heater  shall  not  exceed  300  watts  for  ground  heating 
requirements. 


The  -2  heater  shall  be  capable  of  operating  within  the  power  requirements 
of  Paragraph  3,1.2.10. 

3. 3 *4. 3*4  Temperature  -  The  temperature  of  the  inside  radiating 
surface  under  the  -2  heater  shall  approximate  a  linear  increase  of  27P°F  to 
13&1°F  throughout  a  period  of  34  minutes. 


A  ! 
B 


3. 3.4.5  Surrounding  5i "ucture  -  The  location  of  structure  surrounding 

the  -2  heater  will  be  as  shown  in  Figure  11. 


3. 3»4.6  Heat  Storage  Capacity  -  The  minimum  heat  storage  capacity 

of  the  -2  heater  above  an  100- F  reference  temperature  shall  be  2800  Btu  for 
vaporization  of  liquid  nitrogen  during  normal  inflight  operation  after  re-entry. 


3, 3«4. 6.1  The  minimum  heat  storage  capacity. of -the  -2  heater  above  a 

1G0°F  reference  temperature  shall  be  2800  Btu  during  ground  electrical  operation 
prior  to  lift-off  or  during  B-52  electrical  operation  prior  to  the  air  drop. 

3. 3.4.6. 2  The  -2  heater  shall  be  capable  of  accumulating  1600  Btu  .ove 
a  0°F  reference  temperature  as  a  result  of  the  aerodynamic  heating  of  re-entry. 
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Page  34  Revised  Paragraph  4.5,7,  Rewrote  life  test  to 

agree  with  design  life  requirements  of 

Paragraph  3*1»4.1„  '  ’ 

Page  34.1  Added  Paragraphs  4.5.12  &  4*5.13  from  Page  34. 

Page  37  Revised  Paragraph  6. 4,2,0,  Deleted  "Preliminary" 
and  reference  "Paragraph  8.1.1." 
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Page  40  Corrected. wiring  diagram  to  be  compatible  with 

shut-off  operation. 
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Revised  Bendix  connector  "S?0~-6CE~10-6S  reference" 
was  ,,SP0-6CE-12~10S  reference."  • 


Added  .13  x  ^5°  Chaiafer  (2  places)  to  mounting 
.11 
lugs. 


Page  4l 


Corrected  wiring  diagram  to  be  compatible  with 
dual  heaters. 


Added  Bendix  connector  "3P06CE  8-4S  reference^ 


Rediiaensioned  mounting  lug  thickness  "»65  +  .02" 
was  ".25  maximum." 


Revised  all  internal  radii. 
M.50  R"  was  ".25  R  maximum." 
Revised  Kct.es  5  and  6. 

Added  Hot ee  7  and  8. 


page  46 


Revised  flow  requirement  tolerances-  +  20, 
was  +  20fa. 
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Page  48 
Page  49 


Deleted  Figure  9*. 
.Deleted  Figure  10. 


Deleted  reference  to  Figure  10  in  Detail  "A". 
Added  water  wall  Detail  '"B". 
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Changed  total  pages  from '"51"' to  "52." 

Added  Figure  l4  to  Index  of  Figures. 

Recorded  Revision  "3"  pages  and  changes. 
Revised  paragraph  3»l*4.3‘l>"l480cF  for  -2" 
was  "9505F  for  -2". 

Revised  Paragraph  3*3»3*2.1  for  clarity. 
Revised  Paragraph  3«3*3»2.4,  Specified 

Figure  14  for  water  wall  surface  emissivity. 

Added  description  of  Revision  "B". 
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Page  52 


Revised  Paragraph  3. 3.4. 3.4,  Revised  temperatures 
and  time  period. 

Added  Paragraph  3- 3*4.6. 1,  Specified  requirements 
for  ground  and  B-52  electrical  operation.  • 

Added  Paragraph  5»3.4.6.2,  Specified  requirements 
for  aerodynamic  heating. 

Added  Figure  14,  Emissivity  of  Hastelloy  vs. 
Temperature. 
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3*IH.3  Environment  -  The  equipment  ehall  he  capable  of  satisfactory 

performance  after  exposure  to  any  combination  of  the  following  transportation 
and  storage  conditions  and  during  exposure  to  any  combination-  of  the  following 
flight  conditions:  •  •  ^ 

E>  2 

Transportation  and  Flight  Operation,.  ‘  -j  ,. 

Storage  Conditions  >  -  Conditions 

-65°F  to  160*F  -65°F~to  220°F  for  -1 

-65  °F  tcjl55|p.*F'for  -2 

0  to  100$  including  0  to  100$  including 
condensation  condensation 

Sea  Level  to  50,000  •  ‘-Approximately  • 


.  4  -  *  -V  ■  - 

3.1.4.-3.1 

Temperature 

3.1.4.3.2  / 

Humidity 

3.1.4.3.3 

Pressure 

3.1.4.3.4 

Vibration  . 

3.1. 4.3.5 

Acceleration 

3.1.4. 3.6 

Shock 

3.1.4. 3.6.1 

Normal  -Shock 

3.1.4.3.6.2 

Crash  Shock 

3. 1.4.3. 7 

Acoustics 

3. 1.4.3. 8 

Attitude 

5.1.4.3.9 

Explosive 

Atmosphere 

Ft.  Altitude 
No  Requirement 
No  Requirement 


0  to  15  psia 

See  Figure  5 

Sustained  2  minutes 
glider  acceleration 
as  follows: 


Forward 
Aft 
Up  -• 
Down 
Lateral 


7.00 

2.20 

4.50 

1.10 

•+1.56 


Crop  per  paragraph 

5.3 

No  Reouirement 


»■! 


B 


No  Requirement 
Any  Attitude 

No  Requirement 


3G  for  15  milliseconds) 
duration  maximum. . 

Glider  acceleration 
for  12-  milliseconds 
-maximum  as  follows: 

Forward  None 

Aft  .  20C  Li.-i.-iliql 

Up  100  ~ 

Down  ,5G  , 

Lateral  +6.90  +18.80 -jjft 

See  Figure  7  for  -1 
See  Figure  13  for  -2 

Any  Attitude 


Stoichiometric 
mixtures  of  hydrogen 
and  oxygen. 


0  vj*  )  fj 


As  packaged  for  transportation  and  storage 
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Construction 


Pressure  -  The  design  pressure  of  the  -2  heater  shall  he 
as  required  to  meet  the  requirements  of  the  -1  valve  assembly  and  the  purging 
requirements  of  the  Secondary  Power  Bay  and  the  unpressurized  Equipment  Bay. 

3. 3*3.2  Emissivity 


3.3.3.2.1  •  The  emissivity  of  all  surfaces  of  the  -2  heater,  except 
that  surface  specified  in  Paragraph  30.3.2.2,  shall  not  exceed  0.1  at  -2  heater 
temperatures  belov.  950  ?.  .-...•0r  it  lio 


3.3.3. 2. 2  The  emissivity  of  the  bottom  surface  of  the  -2  heater 
.Lacing  the  corrugated  surface  as  shown  in  Figure  11  shall  be  as  required  to 
comply  with  the  performance  requirements  of  Paragraph  3.3.4. 

3- 3. 3.2. 3  The  emissivity  of  all  Rene  4l  surfaces  seeing  the  -2  heater 

as  shown  in  Figure  11  is  0,70. 

,  >3.3^. 4  Tne  emissivity  of  the  water  wall  surface  facing  the  -2  heater 

will  be  as  noted  in  Figure  14. 


3. 3, 3- 3 


Temperature, Switch  -  Deleted 
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3.3.4 


.  Performance 


5. 3.4.2  She  performance  of  the  -2  heater  shall  he  as  specified  in 

the  following  paragraphs, 

5. 3.4.2  Pressure  Drop  -  Deleted 

3* 3*4.3  Electrical  Power  Consumption  -  The  total  electrical  power 

consumption  of  the  -2  heater  shall  not  exceed  300  watts  for  ground  heating  . 
requirements.  .  ■  • 


A 


The  -2  heater  shall  he  capable  of  operating  within  the  power  requirements 

of  Paragraph  3* 1*2, 10. 


3.3«4.5o4  Temperature  ••  The  temperature  of  the  inside  radiating 
surface  under  the  -2  heater  shall  approximate  a  linear  increase  of  270°F  to 
1383#F  throughout  a  period  of  34  minutes. 

3- 3*4.5  Surma, ting  Structure  -  The  location  of  structure  surrounding 

the  -2  heater  will  be  as  shown  in  Figure  11. 

3. 3*4,6  Hc-at  Storage  Capacity  -  The  minimum  heat  storage  capacity 

of  the  -2  heater  above  an  100  F  reference  temperature  shall  be  2800  Btu  for 
vaporisation  of  liquid  nitrogen  during  normal  inflight  operation  after  re-entry. 

3. 3. 4. 6.1  The .minimum  heat  storage  capacity  of  the  -2  heater  above  a  ' 

1G0°F  reference  temperature  shall  be  2800  Btu  during  ground  electrical  operation 
prior  to  lift-off  or  during  ..  -52  electrical  operation  prior  to  the  air  drop. 

3*  3* 4. 6. 2  The  -2  heater  shall  be  capable  of  accumulating  1600  Btu  above 
a  0°F  reference  temperature  as  a  result  of  the  aerodynamic  heating  of  re-entry. 
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SCOPS 


1.1  General  -  This  specification  covers  the  design,  development, 
performance,  and  testing  requirements  of  the  Nitrogen  Purge  jiquipiiiont  which 

is  &• part  of  the  Fire  Protection  and  Safety  Subsystem  of  the  X-20  glider. 

1.2  Intended  Use  -  The  Nitrogen  Purge  Equipment  in  utilized  to 
provide  a  controlled  flow  of  gaseous  nitrogen  within  the  Secondary  Power  Bay 
and  the  unpressurized  Equipment  Bay  to  prevent  a  flammable  mixture  of  hydrogen 
and  air  from  forming  during  final  glider  descent. 

The  Nitrogen  Purge  Equipment  is  provided  with  a  means  of  vaporizing  liquid 
nitrogen  used  for  purging.  The  equipment  is  also  used  for  descent.  aiVer  air 
launch  from  the  3-52  and  descent  after  a  boost  abort. 
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REV 
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2.1  Government  -  The  following  documents  of  the  issue  and- 

revisions  noted  form  a  part  of  this  specification  to  the  extent  specified 
herein.  Where  conflicting  requirements  exist,  the  requirements  of  this  speci¬ 
fication  shalj.  govern. 

MIL-I-26600  Interference  Control  Requirements,  '  ’  _ 

..  s  Aeronautical  Equipment,  17  June  1959  "  ■  .  ‘ 

MIL-E-5272C  Environmental  Testing,  Aeronautical  end  Associated 

Equipment,  General  Specification  for,  20  January  i960 

HEE-P-27401A " ’  Propellant,  Nitrogen,  Pressurizing,  7  November  i960 

MIL-S-4040C  Solenoid,  Electrical,  General  Specification  for, 

23  January  1958 


HS-33540CT 

MS-33586 

2.2 


Safety  Wiring,  General  Practices  for, 
17  March  1959 

Metals,  Definition  of  Dissimilar, 

16  December  1958 


2.2  Boeing  -  The  following  documents  and  drawings  c  of  the  issue 

established  by  the  purchase  order  form  a  part  of  this  specification  to  the 
extent  specified  herein.  Where  conflicting  requirements  exist,  the  requirements 
of  this  specification  shall  govern. 

D2-7391  Specification,  Characteristics  of  Glider  Electric 

Power  and  General  Requirements  for  Load  Equipment 

D2-80396  General  Requirements  Document  for  Dyna-Soar  Source 

Control  Drawings  and  Design  Procurement  Specifications 

BAC  N18U  Pitting  End  -  Self  Flaring  Fitting  Standard  Dimensions 

For 

BAC  5759  Cleaning  of  Contamination  Sensitive  Parts 

DM  70  Seotion  14,  "Protective  Finish",  Boeing  Design  Manual 
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3*1  Nitrogen  Purge  Equipment 

5*1*1  -  .  Several  -  Data,  interchangeability,  selection  of  standards 

and  specifications,  materials  and  processes,  workmanship; and  reliability  require¬ 
ments  shall  be^as  specified  in  Documont  1)2-80396,  "General  Requirements  Document 
for  Dyna-Soar  Source  Control  Drawings  and.  Design  Procurement  Specifications" 
dated  April  4,  1962, except  as  noted  in  Section  6,0  of  this  specification.  ' 

J  3. 1.1.1:  Description  -  With  reference  to  Figure  1,  the  nitrogen  purge 

equipment  provides  for  the  following: 

A.  Shut-Off  Control  for  Purge  Operation 

B.  Vaporization  of  Liquid  Nitrogen  for  Purge  Operation.  ,  • 

C.  Temperature  Control  of  Nitrogen  Purging  Gas  for  Purge  Operation 

D.  Flow  Control  of  Nitrogen  Purging  Gas  for  Purge  Operation 

A  system  shut-off  valve  is  opened  el sc trie ally  allowing  cryogenic  nitrogen 
to  flow  through  theppurge  system  until  de-energized  after  touchdown. 

Vaporization  of  liquid  nitrogen  for  normal  inflight  operation  is  assured 
by  a  heater  located  between  the  water  wall  and  outside  structure.  The  heater 
absorbs  energy. by  radiation  heat  transfer  from  the  outside  structure  prior  to 
purge  operation  during  re-entry.. 

• 

For  the  air  launch  and, a  boost  abort  situation  the  heater. utilizes  electrical 
energy  for  the  necessary  storage  heat  .to  vaporize  the  cryogenic  nitrogen  passing 
through  the  system.  '  3 

A  temperature  control  function  is  provided  to  assure  that  gaseous .nitrogen 
will  enter  the  Secondary  Power  Bay  and  the  unpressurized  Equipment  Bay  within  a 
controlled  temperature  range.  .. 

A  flow  control  function  is  provided  for  nitrogen  purge  flow  control  during 
descent.  The  system  will  sense  the  rate  of  pressure  increase  and  automatically 
control  the  flow  rate  of  nitrogen  entering  the  Secondary  Power  Bay  and  the 
unpressurized  Equipment  Bay  in  order  to  assure  a  v^itoogeii 'atmosphere' wi thin 
the  bay  for  any  flight  profile  of  the  X-20  glider. <  '  ~') 
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3.I4.I.I  Components 

of  the  following  components: 

-  The  Nitrogen  Purge  Equipment  shall  consist 

Nomenclature 

Part  No. 

Para.  No. 

Valve  Assembly,  Nitrogen  Purge 

10-81170-1 

3.2 

Heater,  Nitrogen  Purge 

10-81170-2 

3.3 

3.1.1. 2  Development  -  The  vendor  shall  accomplish  the  design 
development  work  necessaiy  to  assure  that  the  design  meets  the  requirements 

of  this  specification.  Design  development  efforts  shall  include  investigation 
prior  to  hardware  design  to  provide  a  sound  hasi3  for  the  design  effort. 
Development  during  and  after  the  design  stage  shall  he  required  to  solve  the 
detail  problems  associated  with  the  design  and  to  check  and  improve  design 
practicability. 

Boeing  and  the  vendor  are  required  by  the  Air  Force  to  report  in  full  on 
the  development  work  done  and  the  technological  information  and  discoveries 
accruing  from  the  development  work.  All  phases  of  development  effort,  e.g., 
system  concept,  new  analysis  methods,  testing,  manufacturing  processes  shall 
be  covered.  All  development  shall  have  as  its  purpose  the  furnishing  of  hard¬ 
ware  for  the  X-20  program. 

3. 1.1. 3  Design  Responsibility  - 

3.1.1. 3.1  System  Effort  -  The  vendor  shall  perform  the  necessary 
3tudy  and  analysis  to  assure  that  the  proposed  nitrogen  purge  equipment 
represents  a  good  technical  solution  to  the  X-20  requirements  and  will  function 
as  defined  in  this  specification  when  they  are  operated  in  the  integrated  nitrogen 
purge  subsystem. 

34.1.3.2  Configuration  Development  -  The  vendor  shall  perform  the 
necessary  design,  development,  fabrication  and  testing  activities  to  establish 
and  prove  the  configuration  of  the  components  meeting  the  requirements,  of  this 
specification,  when  operated  individually  and  collectively  in  the  Fire  and 
Hafety  Subsystem. 

3.1.1. 3.3  Coordination  and  Approval  -  The  configuration  reflecting 
the  design  that  best  meets  the  requirements  of  thi3  specification  as  determined 
by  analysis  and  test  shall  be  coordinated  with  Boeing.  Approval  of, a  config¬ 
uration  shall  in  no  way  reliove  the  vendor  of  the  requirements  as  set  forth  in 
paragraphs  3. 1.1. 3.1  and  3. 1.1. 3. 2  above. 

3. 1.1. 4  Qualification  -  This  specification  makes  provision  for 

qualification  testing. 

3* 1.1. 5  Envelope  -  Envelope  limits,  and  mounting  and  interconnection 

provisions  for  the  nitrogen  purge  equipmentshall  be  as  shorn  on  Figure  2  for 
the  -1  valve  assembly  and  Figure  3  for  the  -2  heater. 
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3. 1.2.1  Fail-Safe  Design  -  Each  component  shall  he  designed  eo  that 

failure  shall  c^use  the  minimum  impairment  of  system  operation.  No  single 
failure  shall  jpsult  in  a  lower  degree  of  pilot  safety.  As  a  design  objective 
failure  of  the  '-1  valve  assembly  or  the  -2  heater  shallvnot  cause  depletion  of 
the  nitrogen  storage  tank. 


3. 1.2.2  '  Plumbing  Connections  -  Precision  super-finish  close-toleranc^ 

MIL-Flo  fittings  per  BAC-N18U  shall  be  utilized  on  all  conventional  interna  1 
plumbing  connections.  External  connections  shall  be  as  specified  on  the  envelop^ 
drawings  per  Figures  2  and  3*  On  all  other  plumbing  connections  the  connection 
most  suitable  for  the  application  shall  be  used.  Reliability,  minimum  leakage, 
low  weight,  and  the  capability  of  disconnect  and  reconnect  shall  be  considered 
in  selecting  the  connection  to  be  used.  In  no  case  shall  pipe  threads  be  used. 


1.1.2. 3  Leakage  -  Leakage  shal.1  be  kept  to  a  minimum.  As  a  design 

objective,  the  leakage  shall  be  zero. 


3. 1.2.4  Electrical  Connections;  -  All  electrical  connections  which 
interface  with  Boeing  wiring  shall  terminate  in  an  electrical  receptacle  which 

mates  with  a  Bendix  SP06CE _ S  Pygmy  bayonet  type  plug.  All  electrical  connectors 

shall  be  Bendix  Pygmy  connectors.  All  internal  connections  shall  be  mechanically 
and  electrically  sound. 

3. 1.2. 5  Calibration  Adjustments  -  Any  calibration  (non-operating) 
adjustments  shall  be  firmly  secured  to  prevent  shifts.  Calibration  adjustments 
shall  be  clearly  indicated. 

3*1. 2. 6  Lubrication  -  Lubrication  requirements  shall  be  held  to  a 

minimum  consistent  with  performance  and  other  requirements  of  this  source  control 
drawing.  If  periodic  lubrication  is  required,  provisions  shall  be  made  for  easy, 
controlled  application  at  infrequent  intervals. 


^3. 1.2. 6.1  Solid  firm  dry  lubricant  may  be  used  in  areas  exposed  to 

cryogenic  fluids  if  qualified  for  use  with  the  applicable  cryogen.  Dry  film 
lubricant  in  direct  contact  with  cryogens  must  be  unaffected  by  exposure  to  the 
cryogen  and  shall  remain  effective  for  the  entire  life  of  the  equipment.  In 
addition,  the  lubricant  shall  not  cause  contamination  of  the  cryogen  which  would 
cause  purge  equipment  failures. 


3. 1.2. 7  Wiring  Schematic  -  Where  size  and  configuration  permit,  a 
durable  schematic-wiring  diagram  shall  be  permanently  attached  to  the  -1  valve 
assembly.  The  material  which  the  schematic  is  made  of  must  be  compatible  with 
the  equipment  and  its  environment  during  operation. 
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3*1. 2. 8  Condensation  -  All  units  shall  be  designed  to  minimize 

internal  and  external  water  vapor  condensation.  Where  elimination  of  water 
vaporization  is  not  practicable,  provision  for  removal  by  purging  or  draining 
shall  be  made.  Condensation  of  water  vapor  either  as  moisture  or  ice  shall 
not  impair  operation. 

3. 1.2. 9 _  Weight The  weight  of  the  equipment  shall  be  a  minimum 

consistent  with  the  performance  requirements  and  within  the  limitations  of 

sound  design  practices.  In  no  case  shall  the  equipment  weight's  exceed- the 
following: 


Nomenclature 

Valve  Assembly 
Heater 

*  “>  A*’*')’."-  '*  •> 


Part  No. 

10-81170-1  J 
10-81170-2  ] 


3.1.2,10  Electrical  Power  -  Electrical  power  from  the  glider  shall 

be  used  to  meet  the  electrical  requirements  of  Sections  3.2  only.  Equipment 
utilizing  glider  electrical  power  shall  conform  to  the  requirements  of  Section  4 
of  D2-7391*  "Specification,  Characteristics  of  Glider  Power  and  General  Require¬ 
ments  for  Load  Equipment." 


■  \  ,  , 

K  Electrical  power  from  the  ground  or  the  B-52  shall  be  used  to  meet  the 
“  electrical  requirements  of  Section  3.3  only.  Ground  electrical  power  is 

-  single  phase  -  60  CPS,  B-52  electrical  power  is  115  V  -  single  phase  - 
400  CPS.  .  ,  Th,  )  *, j  Vm  .  )  »>c 

*13  Dz." 


3.1.2.11  Grounds  -  All  electrical  equipment  shall  be  free  of  internal 
grounds  i  All  grounds  shall  be  brought  out  of  and  insulated  fronvvthe  case  to 
provide  for  connection  externally  to  an  appropriate  ground. 

3.1.2.12  Seals  -  As  a  design  objective,  a  minimum  of  two  (2)  seals 
in  series  shall  be  used  on  every  potential  leakage  path. 


3*1.2.13  Positive  Locking  Devices  -  The  loosening  of  screw  type  hard¬ 

ware  under  conditions  of  vibrations,  shall  not  occur.  Positive  locking  of  screw 
type  hardware  on  the  unit  shall  be  employed  where  practicable.  Safety- wiring, 
in  accordance  with  BIS— 3354-0,  shall  be  used  where  other  types  of  positive  locking 
devices  are  not  employed. 

3.1.2.14  Dissimilar  Metals  -  Dissimilar  metals  in  contact  shall  be 

avoioe^  unless  adequately  jjrotecteu  against  galvanic  corrosion.  Dissimilar 
metals  shall  be  defined  in  MS- 33586. 


3.1.2.15  Dielectric  Strength  -  The  insulation  and  spacing  of  the 

circuitry. in  the  equipment  defined  by  this  specification  skill  be  capable  of 
withstanding  without  breakdown,  the  following  60  CPS  voltages  between  current 
carrying  circuits  and  any  non-current  carrying  part  which  may  be  grounded: 

A.  Circuits  of  50  volts  or  less:  500  volts  RMS  for  one  minute. 

B.  Circuits  over  50  volts:  Twice  rated  voltage  plus  1000  volts  RMS 
for  one  minute. 
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$•1.2*16  Finish  -.As  a  .design  objective,  organic  or  other  potentially 

hazardous  finishes  shall  not  be  used.  Where  finishes  are  required,  consideration 
shall  be  given  ijo  the  use  of  finishes  which  have  a  temperature  capability. equal 
to  or  great  eirrtfcan  that  of  the  material  to  whichtthey  are  applied.. and  in  no  case 
lower  than  that'-'temperature  the  equipment  may  reach  under  failed  conditions. 

The  finishes  to  be  used  on  the  nitrogen  purge  equipment  shall  be  submitted 
to  Boeing  for  approval.  Finishes  in  .  'ft  /  v-.  •'  ■  o.,'  Section  14,  Book  70» 
D-50C0  may  be  used  as  a  design  guide. 

3.1.2.17  Solenoids  -  All  solenoids  shall  conform  t:  the  requirements 

of  KIL-3-4040  Type  11.  except"  the  coil  temperature  rise  shall  be  permitted  to 
exceed  185*?  (85*C).  However,  this  temperature  must  not 'Cause  deterioration  or 
damage  to  the  solenoid. 


3.1.3  Construction  -  The  construction  of  the  nitrogen  purge 

equipment  shall  be  adequate  to  obtain  the  required  performance. 

3. 1.3.1  Pressures  -  Equipment  manufactured  per  the  requirements  of 
this  specification  shall  be  designed  for  the  following  working,  proof  and  burst 
pressures  as  specified!" 

1 

INLET  TO  -1  VALVE  ASSEMBLY  (PT.  "A") 

Working  Pressure:  50  to  250  psig 

Proof  Pressure:  3^5  psig 

Burst  Pressure:  575  psig 

INTERNAL  TO  -1  VALVE  ASSEMBLY 

Working  Pressure:  As  Required 

Proof  Pressure:  1.5  x  Max.  Working  Pressure 

(psig) 

Burst  Pressure:  2.5  x  Max.  Working  Pressure 

(psig) 

INTERNAL  TO  -2  HEATER 

Working  Pressure:  As  Required 

Proof  Pressure:  1.5  x  Max.  Working  Pressure 

(psig) 

Burst  Pressure:  2.5  x  Max.  Working  Pressure 

(psig) 

3.1. 3.2  Cleanliness  -  The  cleaning  process  for  surface  in  contact 
with  cryogens  shall  be  in  accordance  with  BAC  5739  or  an  approved  vendor  cleaning 
process.  The  cleanliness  shall  be  such  that  operation  of  the  equipment  throughout 
its  required  life  shall  not  be  impaired. 
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3.1.4  Performance 


3.1.4.1  .  Life 

3.1. 4.1.1  Plight  Conditions  -  The  equipment  shall  have  a  10  .hour  useful 
life  under  flight  conditions.  Flight  operation  time  may  he  accumulated  in 

30  minute  increments  distributed  throughout  a  period 'of  four  years . 

3. 1.4.1. 2  Ground  Conditions  -  The  unit  shall  have  a  100  hour  useful 
life  under  ground  conditions.  Ground  test  time  may  be  accumulated  randomly  in 
10  hour  increments  distributed  throughout  a  period  of  four  years. 

3.1.4.1.3  Cyclic  Life  -  All  valves  shall  be  capable  of  being  cycled 
between  atmospheric  and  working  pressure  500  times.  In  addition,  all  valves 
shall  be  capable  of  being  cycled  open  and  closed  500  times. 

3. 1.4. 1.4  Storage  Life  -  Storage  life  shall  be  one  year.  The  total 
accumulated  storage  and  operating  life  capability  shall  be  five  years. 

3.1.4.1.4.1  Elastomers  -  Elastomers,  if  used,  shall  have  a  total  accumu¬ 
lated  storage  and  operating  life  capability  of  two  years  from  the  date  of  manu¬ 
facture  and  shall  have  a  replacement  schedule. 

3.1. 4.2  Reliability  -  Except  as  modified  or  deleted  by  paragraph  6.7 

of  this  specification,  requirements  of  L2-80396,  Section  7 »0  and  8.0  shall  be  met. 
The  design  reliability  requirements  of  the  combined  nitrogen  purge  equipment 
which  is  comprised  of  the  -1  valve  assembly  and  the  -2  heater  shall  be  15,000 
MTBP  Q>»  ...• 


MEBF  is  mean-time-between-failure  in  hours 
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3.1.4. 3  Environment  - 
performance  after  exposure  to  any 
and  storage  conditions  and  during 
flight  conditions: 


The  equipment  shall  be  capable  of  satisfactory 
combination  of  the  following  transportation 
exposure  to  any  combinatibn  of  the  following 

D> 


Transportation  and 
Storage  Conditions  .  . 

Flight  Operation 
. «  Conditions 

3.1.4.3.-1 

3.1.4.3.2  ■  ■ 

Temperature 

Humidity 

-63 °F  to  160°F 

0  to  lOQfo  including 
_  condensation 

-65°Fxto'  220°F  for  -1 
-65  °F  to  956' /  F  for  -2 

>  0  to  10Cf/o  including 
condensation 

3.1.4.3.3 

Pressure 

Sea  Level  to  50,000  • 
Ft.  Altitude 

•Approximately 

0  to  15  paia 

3.1.4, 3.4 

Vibration  . 

No  Requirement  . 

See  Figure  5 

3.1.4. 3.5 

Acceleration 

No  Requirement 

Sustained  2  minute? 
glider  acceleration 
as  follows:  . 

•  •  -  ♦ 

. 

Forward  7*00 
Aft  2.20 

'  Up  •  4.5^ 
Down  1.10 
Lateral  +1.50 

3.1.4.3.6" 

Shock 

3.1.4.3.6.1 

Hormal  Shock 

Drop  per  paragraph 

5o 

3G  for  15  millisecqnds 
duration  maximum. 

3.1.4.3.6.2 

Crash  Shock 

No  Requirement 

Glider  acceleration 
for  12  millisecond? 
maximum  as  follows: 

Forward  None 

Aft  20G  '"r  t  . 

Up  10G  " 

Down  5U 

Lateral  +6.9G  +18. 8G  I 

3.1.4.3.7 

Acoustics 

No  Requirement 

See  Figure  7  for  -1 

See  Figure  13  for  -2 

3. 1.4.3. 3 

Attitude 

Any  Attitude 

Any  Attitude 

3.1.4.3.9 

Explosive 

Atmosphere 

No  Requirement 

Stoichiometric 

mixtures  of  hydrogqn 
and  oxygen. 


-.re 


D>  As  packaged  for  transportation  and  storage 
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3.1.4.3.10  Zero  Gravity  Operation  -  The  shutoff  function  within  the 

-1  VOJ.VG  assembly  shall  be  capable  of  satisfactory  operation  in  a  zero  gravity 
environment.  ‘ 

3.1.4.3.11  Radio  Noise  -  The  equipment  shall  comply  with  the  requirements 
of  MIL-1-26600. 

3.1.4.3.12  Vibration  Isolators  -  Vibration  isolators  shall  not  be  used 
without  specific  approval  of  Boeing. 

3. 1.4.4  Ignition  and  Explosion  Proof  r  The  equipment  shall  be 

•  ignition  and  explosion  proof  and  shall  not  cause  ignition  or  explosion  when 
operated  in  a  stoichiometric  mixture  of  hydrogen  and  air  or  oxygen. 


\ 
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5.2 


Valve  Assembly,  Nitrogen  Purge  ( 10-81170-1' 


5*2*1  : Description  -  The  Nitrogen  Purge  Vfilve  Assembly  located  in 

the  unpressur^Zjpd  equipment  bay  accomplishes  the  following  functions: 

!  •,& 

A.  Controls  nitrogen  flow  through  the  equipment  t^usipg  a  shut-off 
valve  tyhich  is  opened  electrically. 

B.  j  Performs  a  temperature  control  f inaction  for  the  nitrogen  gas  entering 

the  Secondary  Power  Bay  by  way  of  this  equipment  and  the  distribution 
••  tubing. 

C.  Provides  a  flow  control  function  for  nitrogen  gas  entering  the  purge 

distribution  tubing  in  order  to  assure  a  nitrogen  atmosphere  * 

within  the  unpressurized  bays  of  the  X-20  glider  during  descent! 
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3*2.2  Design  ; 

3*2. 2.1  Compatibility  -  The  materials  used  in  construction  of  the 

-1  valve  assembly  shall  be  compatible  with  liquid  arid  gaseous  nitrogen  per 
KIL-P-27401A.  ] 

3* 2. 2. 2  Leakage  -  Internal -to-extemal  leakage  on  any  oomponent 

within  the  -1  valve  assembly  shall  not  exceed  0.0005  lb/min. 

Intemal-to-extemal  leakage  on  any  component  within  the  -1  valve  assembly 
shall  not  exceed  0.0001  lb/nin. 

3. 2. 2. 3  Flow  Rate  -  With  reference  to  Figure  1  the  flow  rate  at 

Point  "D"  of  the  -1  valve  assembly  and  into  the  purge  distribution  tubing  shall  be 
0.5  lb/min  until  the  pressure  rate  of  Figure  8  has  been  reached;  at  this  point  the 
-1  valve  assembly  shall  modulate  the  flow  rate  according  to  the  pressure  rate 
requirements  of  Figure  8  until  touchdown. 

3. £.2. 4  Flow  Direction  -  The  -1  valve  assembly  shall  be  capable  of 

flow  in  the  directions  shown  in  Figure  1.  A. permanent  arrow  shall  be  provided  on 
the  valve  assembly  to  indicate  flow  direction.  As  an  option  the  inlet  and  outlet 
may  be  provided  with  permanent  markings . 

3. 2. 2. 5  Purge  Volume  -  The  total  unoccupied  volume  within  the  unpres¬ 

surized  b]?y  is  50  ft*  for  nitrogen  purging  retirements. 


3.2.5 

5.213.1 
3. 1.3.1. 


Construction 

Pressure  -  Design  pressure  shall  bo  as  lxstod.  in  paragraph 


3. 2. 3. 2  The  construction  of  the  components  utilized  to  meet  the 

requirements  of  the  -1  valve  assembly  shall  be  such  that  vhen  assembled  together 
they  skill  form  a  unitized  package. 


3. 2. 3. 3 


Electrical  motors  if  used,  shall  not  contain  brushes. 
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3.2.4 


Performance 
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3. 2.4.1  The  performance  of  the  -1  valve  assembly  shall  be  as 

specified  in  the  following  paragraphs. 


3.2.4.2 


Pressure  Drop  -  Deleted 


5* 2.4*3  Electrical  Pov/er  Consumption  -  The  electrical  power  consump¬ 

tion  of  the  -1  valve  assembly  shall  not  exceed  70  watts. 

3. 2. 4. 4  Temperature  -  The  -1  valve  assembly  shall  be  designed  for 

temperatures  as  specified  in  the  following  subparagraphs. 

3. 2. 4.4.1  The  nitrogen  inlet  or  supply  temperature  shall  be  -300®F  to 
-265#F  during  operation  of  the  nitrogen  purge  system. 

3.2.4. 4. 2  The  temperature  leaving  the  -1  valve  assembly  and  entering 
the  unpressurized  bays  shall  be  controlled  to  80  +  80°P. 

5*2*if‘5  Back  Pressure  -  Back  pressure  shall  not  be  allowed  to  enter 

the  nitrogen  tank  from  the  -1  valve  assembly. 

With  reference  to  Figure  1,  the  back  pressure  at  the  interface  between  the 
-1  valve  assembly  at  Point  "D”  and  the  distribution  tubing  shall  be  a  maximum 
of  18  psia.  The  baok  pressure  is  based  on  a  flow  of  3.95  lb/min  of  nitrogen  at 

..  3. 2. 4. 6  Tubing  Segments  -  With  reference  to  Figure  1,  the  length  of 

the  tubing  segments  are  as  specified: 


Segment 

Length 

W  -  A 

40  inches 

B  -  X 

48  inches 

Y  -  C 

48  inches 

D  -  Z 

120  inches 

3* 2. 4.7  Shut-Off  Operation  -  The  shut-off  function  shall  be  capable 

ox  being  opened  by  23  to  30  VDC  glider  power  and  being  closed  by  £3  to  30'VDO.- 
ground  power. 

■•51 1; 

The  shut-off  valve  shall  be  controlled  by  a  normally  closed  solenoid  (closed 
when  not  energized).  A  latching  type  solenoid  shall  be  used  t^kssure  that 
closing  of  the  valve  shall  not  occur  during  .flight, 0a1:  i.  '  ' 
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Heater,.  Nitrogen  Purge  (10-81170-2) 
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Squipment 


Description  -  The  -2  heater  located  underneath  the  unpre3 
Bay  accomplishes  the  following: 


Stores  thermal  energy  absorbed  during  re-entry  to  vaporize  liquid 
nitrogen  for  the  unpressurized  bay  purging  requirements  during 
descent.  The:f  thermal  energy  stored  results  from  structural 
radiation  due  to  aerodynamic  heating  during  re-entry.  For  the 
heater  position  in  relation  to  the  radiating  surface  (see  Figure  11). 

Stores  thermal  energy  from  groundPelectrical  p&wer  to  vaporize 
liquid  nitrogen  for  the  unpressurized  bay  purging  requirements  after 
a  boost  abort  condition.  The  thermal  energy  stored  results  from 
-■■electr-' cal  resistance  incorporated  into  the  heater  design. 


Stores  thermal  energy  from  B— 52  electrical  power  to  vaporize  liquid 
nitrogen  for  the  unpressurized  hay  purging  requirements  after  the 
air  launch. 
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Design 


3*3. 2.1  Compatibility  -  The  materials  used  in  construction  of  the 

•2  heater  shall  be  compatible  with  liquid  and  gaseous  nitrogen  per  MIL-P-27401A. 

3. 3.2.2  Leakage  -  Internal-to-extemal  leakage  of  the  -2  heater  shall 

not  exceed  .0001  lbs/min. 

3. 3*2. 3  Flow  Capacity  -  The  flow  capacity  through  the  -2  heater  shall 

be  as  required  tp  comply  with  the  requirements  of  Figure  8  and  the  temperature 
outputs  of  Paragraph  3«2.4.4,2. 

3. 3*2.4  Flow  Direction  -  Deleted 
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Construction 


3.3.1  Pressure  -  The  design  pressure  of  the  -2  heater  shall  he 

as  required  to  meet  the  requirements  of  the  -1  valve  assembly  and  the  purging 
requirements  of  the  Secondary  Power  Bay  and  the  unpressurized  Equipment  Bay. 

3* 3* 3* 2  Ealaslvity 

3. 3. 3* 2.1  The  emissivity  of  all  surfaces  of  the  -2  heater,  except 

that  surface  specified  in  Paragraph  3*3. 3*2.2,  shall  not  exceed  0.1  over  a 
maximum  temperature  of  950°P  for  its  life. 

3* 3*3* 2. 2  The  emissivity  of  the  bottom  surface  of  the  -2  heater 

facing  the  corrugated  surface  as  shown  in  Figure  11  shall  be  as  required  to 
comply  with  the  performance  requirements  of  Paragraph  3.3.4. 

3* 3* 3*2. 3  The  emissivity  of  all  Rene  41  surfaces  seeing  the  -2  heater 
as  shown  in  Figure  11  is  0.70. 

3. 3* 3.2.4  The  average  emissivity  of  the  water  w^ll  surface  is  .125 
throughout  a  temperature  range  of  0°  to  1000#F. 

3*3. 3* 3  Ter.Trr'turo  S-.ltch  -  Deleted 
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3*3.4  Performance 

3. 3.4.1  The  performance  of  the  -2  heater  shall  be  as  specified  in 

the  following  paragraphs. 

3* 3.4. 2  Pressure  Prop  -  Deleted 

3* 3*4*3  Electrical  Power  Consumption  -  The  total  electrical  power 

consumption  of  the  -2  heater  shall  not  exceed  -jWO.  watts  for  ground  heating 
requirements. 

The  -2  heater  shall  be  capable  of  operating  within  the  power  requirements 
of  Paragraph  3.1.2.10. 


3.3.4. 3.4  Temperature  -  The  temperature  of  the  inside  radiating 
surface  under  the  -2  heater  shall  approximate  a  linear  increase  of  225®F  to  j  \ 

950°F  throughout  a  period  of  50  minutes. 

3* 3« 4. 5  Surrounding  Structure  -  The  location  of  structure  surrounding 

the  -2  heater  will  be  as  shown  in  Figure  11. 

3* 3*4.6  Heat  Storage  Capacity  -  The  minimum  heat  storage  capacity 

of  the  -2  heater  above  an  100’ F  reference  temperature  shall  be  2800  Btu  for 
vaporization  of  liquid  nitrogen  during  normal  .inflight  operation  after  re-entry. 
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PALITY  ASSURANCE  PROVISIONS 


4*1  General  -  Classification  and  methods  of  reporting  te3tst  shall 

be  as  established  by  D2-8Q396,  Sections  $t  10,  11  and  13  except  as  noted  in  ' 
paragraph  6.8,1  of  this  specification. 

4»1»1  General  Test  Requirements  -  The  following  general  requirements 

apply  to  all  teats  described  under  paragraph  4.5  which  lists  specific  requirements. 

4. 1.1,1  Test  Conditions  -  Unless  otherwise  specified,  testing  shall 

be  conducted  at  room  temperature  and  ambient  pressure. 


4.1.1.2 


Design  Changes 


4.1.1. 2.1  Any  design  change  resulting  from  failure  of  an  article  during 
testing  shall  necessitate  a  complete  retest  of  the  affected  article  unless 
otherwise  approved  by  Boeing.  The  tests  will  be  considered  as  complete  when  the 
required  number  of  test  articles  have  satisfactorily  passed  all  tests  and  the 
results  are  consistent  with  the  reliability  requirements. 

4. 1.1. 3  Instrument  Calibration  -  Each  instrument  and  other  measuring 

apparatus  upon  which  the  accuracy  of  the  test  results  depend,  shall  be  cali¬ 
bration  certified  to  ensure  that  performance  of  the  test  article  can  be  demon¬ 
strated  within  specified  limits.  In  no  case  shall  the  steady-state  calibration 
error  exceed  +2.J  of  the  specified  value  of  the  measurement, while  voltage  and 
frequency  measurements  shall  be  accurate  to  within  +.25$.  '  Calibration  records 
shall  be  maintained  and  shall  be  available  to  authorized  Boeing  representatives 
upon  request. 
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4.2  Design  Develonnont  Tests  -  Design  Development  Testing  shall 
meet  the  requirements  of  D2-8Q396,  Section  9.0. 

4.3  Qualification  Testa  -  Qualification  Testing  in  addition  to 
meeting  the  requirements  of  D2-80396,  Section  10.0,  shall  comply  with  the 
following. 

4.3.1  OnQ  representative  production  unit  of  each  article  procured 

by  thi3  specification  shall  be  tested.  Use  of  a  greater  number  of  articles  for 
qualification  testing  will  be'  permitted  if  proposed  in  the  qualification  test 
plan  required  by  D2-8039°i  Paragraph  10.1,  and  approved  by  Boeing.  Successful 
completion  of  the  qualification  tests  is  the  responsibility  of  the  vendor  and 
shall  be  performed  at  the  place  of  manufacture  or  at  any  Boeing-approved  testing 
laboratory. 


4.3.2 


The  qualification  test  procedures  shall  include  the  following 


data: 


1.  Boeing  SCD  and  Nomenclature 

2.  Vendor  Part  Number  and  Nomenclature 

3.  Vendor  Name,  Address  and  Individual  Responsible 

4.  Statement  of  Test  Objective  (Not  Mandatory) 

5.  Block  Diagram  of  Test  Setup 

6.  Outline  of  Test  Conditions  Imposed 

7.  List  of  Data  to  be  Recorded  and  Identified  with  Item3  Abow  «r  Equal 

8.  List  and  Identification  by  Number  of  Model  of  Instrumentation  and 
Test  Sets 

9.  Identify  What  the  Test  Is  (-Note  that  an  acceptance  test  contains  many 
tests) 

4,5,3  •  Equipment  Tests  -  The  equipment  tests  shall  be  as  specified 

in  the  following  subparagraphs: 
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Test 

.^Inspection 
Weight 
. 1  Cycling 
^Sigh  Temperature 
Jbov  Temperature 
Leak  - 

^Operational 
Vibration-" 

-  v  Dieleotrio  Strength 
Radio  Interference 
Life  ..  ..  .  • 

^Operational 
Leak 

Proof  - 

Burst  /  . 

Explosion  ..  r 

b"v-‘  ,  C  v 


Paragraph 

4.5.1 

4.5.2 

4.5.11 

4.5.12 

4.5.13 
4.5.4 

4.5.9 

4.5.3 

4.5.10 

4.5.8 
4.5.7- 

4.5.9 

4.5.4 

4.5.5 

4.5.6 

4.5.14 


i.H 
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M 
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4.3.3. 2  The  following  testa  shall  be  performed  on  the  10-81170-2,  Nitrogen 

Purge  Heater  in  the  order  listedi  * 


Test 


A’ 


7 

-*T.i 


Paragraph 


.\,o- 


\  X." 


^Inspection 
Weight 
Cycling_^. 

Vibration--— 

Dieleotrio  Strength 
Radio  Interference 
Life 

[^Operational 
Leak 
Proof 
Burst 
Explosion 

v‘—v-  '.L  . 

4. 3. 3. 3  Assembled  Equipments  Performance  Test  -  The  nitrogen  purge  equipment 
shall  be  assembled  incone  unitized  system  and  tested  to  assure  that  the  proper  range 
of  design  outputs  is  obtained  when  the  equipment  is  supplied  the  range  of  design  inputs 
This  test  shall  be  conducted  using  liquid  nitrogen  and  simulating  the  inservice  tubing 
installation. 


■4.5.1 

4.5.2 
4.5.11 

4.5.3 
4.5.10 

4.5.8 
4.5.7 

4.5.9 

4.5.4 

4.5.5 

4.5.6 
4.5.14 
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4.4.1  General  -  An  acceptance  test  shall  he  conducted  by  the  vendor 
on  each  article  delivered  to  Boeing.  Acceptance  will  be  based  upon  satisfactory 
completion  of  the  tests  de  lned  in  this  Section. 


4. 4. 1.1  Test  Apparatus  and  Procedures  -  Schematic  drawings  and  ues- 

cripticns  of  all  test  apparatus,  outline  drawings  showing  points  of  measuring 
apparatus,  and  applications  shall  be  furnished  prior  to  initiation  of  the  acceptance 
test3.  Test  procedures  and  methods  to  be  used  shall  be  acceptable  to  Boeing  and 
shall  be  qualified  in  accordance  with  the  requirements  of  Paragraph  4.4.5* 


4.4.2  Individual  Tests  -  Satisfactory  completion  of  the  following 

individual  acceptance  tests  and  compliance  with  D2-80396>  Section  11.0,  will  provide 
a  basis  for  acceptance  of  the  articles  procured  by  this  specification.  The  tests 
shall  be  performed  on  each  article  in  the  order  listed. 


Test 

Par::,  r 

Inspection 

4.5.1 

Weight 

4.5.2 

Cycling 

4.5.11 

Leak 

4.5.4 

Proof 

4.5*5 

Operational 

4.5.9 

4.4.3  '  Acceptance  Test  Committee  -  The  occurrence  of  a  failure  during 

acceptance  testing  may,  at  Boeing's  option,  result  in  the  formation  of  an  acceptance 
test  committee  at  the  vendor's  facility.  The  function  of  the  committee  will  be  to 
investigate  and  classify  the  failure,  determine  its  cause,  and  recommend  corrective 
action.  The  committee  shall  consist  of  representatives  of  the  vendor's  engineering, 
production,  and  quality  control  or  inspection  departments  and,  A  a  Boeing 

representative. 

If  an  acceptance  test  committee  is  not  warranted,  the  failure  shall  be  investi¬ 
gated  and  corrective  action  taken  by  vendor  to  Boeing's  satisfaction.  Any  article 
experiencing  a  failure  during  retesting  shall  not  be  resubmitted  without  the  approval 
of  Boeing. 
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4.4.4  Acceptance  Test  Summary  -  The  Acceptance  Test  Summary  submitted, 
in  compliance  with  D2-80396|  Paragraph  11  A,  shall  include  all  significant  data 

as  well  as  calibration.  Continuous  recordings  of  critical  parameters  shall  be 
required. 

4.4.5  Acceptance  Test  Procedures  Qualification  -  The  vendor's 
acceptance  test  procedures  will  bo  evaluated  to  verify  suitability  of  test  equip¬ 
ment  and  to  make  sure  the  procedures  are  correct  and  complete. 

4. 4.5.1  Description  -  A  representative  article  manufactured  by  the 
vendor  shall  be  subjected  to  a  complete  acceptance  test.  The  representative 
article  may  be  the  first  production  article. 

4. 4. 5. 2  Boeing  Representation  -  The  vendor  shall  notify  Boeing  three 
weeks  in  advance  of  the  acceptance  test  procedures  qualification  so  that  a 
Boeing  representative  can  be  present  to  witness  the  qualification. 

4. 4. 5. 3  Acceptance  Test  Procedures  Qualification  Report  -  The 
vendor  shall  prepare  a  report  telling  how  the  acceptance  test  procedures 
qualification  demonstrated  the  adequacy  of  the  test  procedures  and  equipment 
for  making  a  satisfactory  acceptance  test.  This  report  shall  be  identified 
by  a  number  assigned  by  the  vendor. 

4.4.5. 3-1  The  acceptance  test  procedure  shall  include  the  following 

data: 

1.  Boeing  SCD  and  Nomenclature 

2.  Vendor  Part  Number  and  Nomenclature 

3.  Vendor  Name,  Address  and  Individual  Responsible 

4.  Statement  of  Test  Objective  (Not  Mandatory) 

5.  Block  Diagram  of  Test  Setup 

6.  Outline  of  Test  Conditions  Imposed 

7.  List  of  Data  to  be  Recorded  and  Identified  vith  Items  Above  or  Equal 

8.  List  and  Identification  by  Number  or  Model  of  Instrumentation  and 
Test  Sets 

9*  Identify  What  the  Test  Is  (Note  that  an  acceptance  test  contains  many 
test) 
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4,5  Test  Methods 

4.5.1  1  Inspection  Jest  -  A  visual  inspection  shall  by  conducted  to  determine 
conformance  with  materials,  mechanical  details,  workmanship,  dimensional  accuracy, 
cleanliness,  electrical  circuitry,  finish  requirements  of  this  specification,  the 
approved  production  drawings,  and  D2-30396. 

4.5.2  Weight  Test  -  Each  article  of  equipment  shall  be  checked  to  assure 
that  the  maximum  weight  has  not  been  exceeded.  The  actual  weight  shall  be 
recorded  and  permanently  placed  on  the  nameplate t  of  each  equipment. 

4.5.3  Vibration  Tent  -  Preliminary  sinusoidal  vibration  scans  shall  be 
conducted  in  each  of  throe  mutually  perpendicular  axes  following  the  test  envelope  of 
Figure  4,  Response  measurements  shall  be  made  by  installing  several  accelerometers  6n 
the  equipment  at  locations  most  likely  to  resonate.  The  equipment  shall  be  closely 
observed  during  the  scans  and  the  frequencies  and  amplifications  at  all  resonances  care¬ 
fully  noted.  The  scans  shall  be  conducted  with  the  equipment  operative  at  normal 
working  temperature  and  pressure.  All  scan  data  on  resonances,  including  a  description 
of  the  mounting  locations  of  the  response  instrumentation  and  the  weight  of  the 
moving  vibrator  assembly  .and  test  fixture,  but  not  the  te3t  specimen,  shall  be  included 
in  the  test  report. 

After  the  preliminary  sinusoidal  scans,  the  equipment,  while  operating  at  normal 
working  temperature  and  pressure,  shall  be  subjected  to  random  vibration  in  each  of 
three  mutually  perpendicular  planes  per  paragraph  3*1*4. 3.4.  T’ho  equipment  shall  be 
vibrated  in  each  direction  in  each  plane  for  hour,  and  the  attachment  to  the 
vibrator  shall  simulate  the  service  installations.  The  equipment  shall  operate  and 
shall  show  no  failures  malfunctions  or  out  of  tolerance  performance.  The  weight  of  the 
moving  vibrator  assembly,  including  the  test  fixture  but  not  the  tost  item,  shall  be 
determined  and  noted  in  the  test  report. 

If  suitable  random  vibration  test  facilities  are  not  available,  a  substitute 
sinusoidal  te3t  may  bo  specified  by  Boeing  upon  receipt  of  the  preliminary  sinusoidal 
scan  data.  This  information  will  be  used  in  determining  test  conditions  and  vibration 
levels.  The  substitute  sinusoidal  vibration  test  will  consist  of  two  sinusoidal  scans 
using  a  sweep  rate  of  approximately  %  octave  per  minute  from  5  to  2000  cps  for  a 
duictiiOu  of  sevoi'.Ly  miviu nc o  for  cuot  ui  tarec  .uUuUu.,.y  parpens.. cular 
by  dwells  at  each  resonant  frequency,  ^he  duration  of  each  dwell  will  be  five 
minutes  for  each  resonant  frequency  at  a  level  of  that  at  the  same  frequency  for  the 
sinusoidal  scans,  ‘^he  tost  specimen  mounted  by  its  normal  mounting  provisions  will  be 
operative  (at  normal  working  temperature  and  pressure)  throughout  the  test. 

If  the  test  specimen  is  free  from  resonances,  the  substitute  sinusoidal  vibration  , 
test  may  be  performed  according,  to  .the  vibration  envelope  shown  in  figure  6.  In 
addition,  the  tost  will  contain  dwells  at  reduced  levels.  However,  approval  from 

sutixiiQ  ii/us'u  uu  u a  t&inw  u  yrlvf  tv  tvi.-u.-t "  i'.-g  1  ^ 
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4.5*4  Leak  Test  -  Each  arfci cle  shall  be  pressurized  to  its  maxima 

design  working  pressure.  The  leakage  shall  not  exceed  the  limits  specified  in 
Paragraphs  3.3.2. 2  and  3* 3*2 *2  for  each  article, 

4.5.5  Proof  Test  -  Each  article  shall  bo  pressurized  to  its  design 
proof  pressure.  No  permanent  deformation  or  operational  failure  shall  result. 

The  leakage  shill  not  exceed  the  limits  specified  in  Paragraphs  3*2.2. 2  and 

3.3. 2. 2  for  e&qh  article. 

■' 

4.5.6  Burst  Test  -  Each  article  shall  be  pressurized  to  its  design 
burst  pressure.  The  leakage  shall  not  exceed  the  limits  specified  in  Paragraphs 

3. 2. 2. 2  and  3, 3.2.2  for  each  article.  Permanent  deformation  and  operational 
degradation  is  'paamdttoli'  t:  bio. 

4.5.7  Life  Test  -  To  determine  that  the  equipment  is  suitable  for 
the  operational  life  Indicated  in  Paragraph  3.1.4.1,  a  life  test  shal}.  be 
conducted  with  the  equipment  operating  under  nominal  flight  conditions  for  a 
period  of  10  hours,  and  under  ground  operating  conditions  for  100  hours,  except 
for  rotating  parts  which  shall  demonstrate  a  life  capability  of  500  hours.  All 
valves  shall  demonstrate  a  life  capability  of  being  cycled  between  atmospheric 
and  working  pressure  500  times.  In  addition,  all  valves  shall  demonstrate  a 
life  capability  of  being  cycled  open  and  closed  500  times.  Instrumentation 
shall  be  required  to  show  that  the  equipment  operates  per  the  requirements  of 
Section  3  of  this  source  control  drawing. 

4.5.8  Radio  Interference  Test  -  Radio  interference  tests  shall  be 
conducted  on  each  article  of  equipment  in  accordance  with1  KIL-I-26600. 

4.5.9  Operational  Test  -  Operational  tests  of  the  integrated  purge 
equipment  shall  be  conducted  to  assure  that  the  proper  range  of  design  outputs 
is  obtained  when  the  equipment  i3  supplied  the  range  of  design  inputs.  The 
tests  shall  show  that  the  equipment  operates  normally  with' adequate  response. 
Operation  conditions  and  parameters  shall  be  recorded.  Operational  tests  shall 
be  conducted  using  a  simulated  in-servioe  installation. 

4.5.10  Dielectric  Strength  Test  -  The  equipment  shall  withstand 
without  breakdown,  the  high  potential  tost  voltage  requirements  of  Paragraph 
3.1,2.15.  Capacitors  and  semi-conductor  devices  shall  be  disconnected  for  this 
test  if  necessary. 

4.5.11  Cycling  Test  -  Debugging  tests  signed  to  assure  that  "weak" 
elements  fail  shall  be  conducted.  This  testing  shall  be  designed  to  eliminate 
early  failures  due  to  manufacturing-typo  defects  such  as  faulty  components  or 
workmanship  and  shall  be  based  primarily  on  elements  and  operating  conditions 
found  during  development  and  qualification  testing  to  bo  critical  to  satisfactory 
operation.  Until  sufficient  data  is  obtained  to  establish  a  minimum  value,  each 
article  shall  be  fully  cycled  500  times.  The  vendor  may,  as  experience  and 
improvement  reduce  the  number  of  initial  failures,  recommend  reductions  in  the 
minimum  amount  of  operating  time  necessary  at  the  manufacturer's  facility.  Upon 
approval  by  the  Boeing  Engineering  Department,  the  above  requirements  will  be 
revised. 
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PREPARATION  FOR  DELIVERY 

5.1  Packaging  and  Ka rking  -  Packaging  and  narking  of  the  articles 
procured  by  this  specification  shall  be  in  accordance  with  the  provisions  of 
D2-8039o,  Section  14. 

J 

5.2  Sealing  of  Ports  -  Eaoh  port  shall  be  sealed  with  a  clean 
temporary,  removable,  re-usable  cover  or  plug.  Threaded  plugs  of  soft  metal, 
polyethylene  o$  other  materials  which  my  flake  and  cause  contamination  shall 
not  be  used.  The  equipment  shall  meet  the  requirements  of  3.1. $.2  as  shipped. 

5*3  Shinning  Container  -  The  shipping  container  shall  be  designed 

3uch  that  3hocks  as  a  result  of  dropping  the  container  shall  not  cause  damage 
to  the  packaged  equipment  within  or  require  an  increase  in  the  weight  of  the 
equipment.  The  magnitude  of  the  shocks  shall  be  based  upon  dropping  the 
container  with  the  packaged  equipment  therein  once  on  each  face  upon  a  flat 
concrete  surface.  The  height  of  drop  shall  be  determined  from  the  following 
table : 


Weight  of  Container  with 

Drop  Height 

Article  Installed 

Inches 

0-20 

'  42 

20  -  50 

3S 

50  -  100 

32 

ICO  -  250 

30  - 

Shipping  container  testing  shall  not  be  conducted.' 


\ 

\ 


6.0 


NOTES 


REV 

SYM 


■4- 


6.1  Data  Required  for  Tentative  or  Final  Approval  -  .In  addition  ,t 
to  the  data  required  by  Section  16.0  of  32-0031/6,  monthly  progress  reports  shall 
be  submitted  to  Boeing  throughout  the  developmental  period.  The  first  report 
shall  ho  due  JO  days  after  issuance  of  the  purchase  order.  These  reports  shall 
keep  Boeing  well  informed  of  the- problems  and  progress  and  shall  ehow  the  actual 
status  of  work  compared  with  the  planned  work  accomplishment  schedule. 

6.2  Desi.m.  Development  Pro, gran  Plan  -  The  vendor  shall  submit  a 
plan  outlining  the  entire  development  effort.  The  plan  shall  be  sufficiently 
detailed  to  permit  monitoring  of  the  work  to  be  accomplished  in  meeting  the 
requirements  of  this  specification. 

The  adequacy  of  the  vendor's  development  program  shall  be  established  by 
the  plan  which  is  to  be  kept  up-to-date  (expanded  and  refined)  to  clearly  retain 
and  show  the  original  plan,  schedule,  revisions,  and  shifts  of  emphasis.  The 
initial  release  of  the  plan  i3  due  thirty  day3  after  issuance  of  the  purchase 
order. 

The  following  list  of  data  required  for  monitoringtthe  development  tests 
shall  be  included  in  the  development  plan: 

1.  Vendor  Part  Number  and  Nomenclature 

2.  Statement  of  Test  Objective 

J.  Block  Diagram  of  Test  Set-Up 

4.  Outline  of  Test  Conditions  Imposed 

5.  Identification  of  What  the  Test  Is 

6.3  Qualification  Test  Articles-  Articles  v/hich  have  passed  the 
qualification  tests  shall  be  sent  to  Boeing  upon  completion  of  the  tests. 

6.4  Reliability  Plan  -  The  supplier  shall  furnish  Eoeing  a 
reliability  plan  including: 

6.4.1  A  concise  description  of  the  supplier'3  organization  outlining 

the  reliability  and  quality  control  responsibilities  for  design,  procurement, 
and  manufacturing  in  compliance  with  this  specification. 
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A  task  list  including  manhours, individual  responsible,  and 
start  and  completion  scheduling  to  provide  control  of  the  following  reliability 
actions  required  in  22-80396:  ,  \  ,  • 

A.  Reliability  Analysis  (Paragraph  7.1.2.l/c/  )  , 

B.  Compatibility  Factors  (Paragraph  7.1.2.l/d/  ) 

J  *  ' 

C.  '  roll ’in- r;-.  .  "1  Critical  Design  Review..  (Paragraph  S4.*  : 8.1.2) 

D.  Hardware  Review  (Paragraph  3.2) 

E.  Demonstration  Plan  (Paragraph  7. 1.3. 2) 

A  brief  description  of  the  Manufacturing  and  Quality  Control 

Record  System. 

6*5  Design  died:  list  -  The  vendor  shall  provide  a  design  check 

list  for  each  article  procured  by  this  specification.  The  list  shall  comprise 
a  tabulation  of  items  which  the  vendor  considers  in  the  hardware  design  in  order 
to  assure  reliability.  An  example  page  of 'a  desigr/check  list  is  shown  as  Figure  12 


The  design  check  list  shall  be  utilised  by  the  vendor  during  hardware  design 
to  ensure  that  features  which  assure  hardware  reliability  are  incorporated. 

During  the  reviews  required  by  paragraph  8.0  of  D2~80396»  the  hardware  design, 
and  the  actual  hardware  when  available,  will  be  inspected  for  incorporation  of 
design  features  contained  in  the  list. 

As  a  minimum,  the  design  check  list  shall  include  the  following: 

A.  Establish  design  concepts  to  enable  recognition'hnd  resolution  of 
problem  areas  as  uncovered  by  the  failure  mode  add  effect  analysis. 

(see  paragraph  7.1.2.1c  of  22-60396). 

B.  Hew  design  practices  and  procedures,  fabrication  techniques,  and 
processes  developed  to  support  the  hardware  design. 

C.  Current  standard  practices  and/or  procedures  which  are  considered  a 
normal  part  of  good  design  and  are  applicable  to  the  hardware. 
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6. 5  Design  Check  List  (Continued) 

The  list  shall  be  complete  in  itself  without  reference  to  other  lists  or 
documentation  and  shall  be  periodically  updated.  Initial  submittal  of  the  list 
to  Boeing  shall  be  six  week3  prior  to  the  Preliminary  Design  Review  (see 
paragraph  8.1.1  of  D2-8039S). 

6.6  Reliability  Reports  -  Reliability  report  shall  be  a  section 
of  the  periodic  design  progress  report  and  shall  show  compliance  on  all  relia¬ 
bility  tasks  in  paragraph  6.4.2  and  will  include  reliability,  failure  mode  and 
effect,  and  compatibility  factor  analyses.  A  finalized  version  of  the  relia¬ 
bility  report  shall  be  in  The  Boeing  Company  possession  at  least  tvo  weeks  prior 
to  the  critical  design  review. 

6.7  D2-8G59S  Compliance 

6.7.1  All  paragraphs  of  D2-80396  except  the  following  are  applicable 

to  equipment  procured  by  this  specification. 


Section  or 

Paragraph  No.  Subject 


3.5.10 

Human  Factors 

7.1 

Reliability  Plan 

7.1.1 

Reliability  Management 

7.1.2.1b 

Reliability  Definition 

7.1.2.1a 

Safety  Analysis 

7.1. 3.1 

Development  and  Qualification  Testing 

7.1. 3.2.1 

Estimation 

7*2d(l) 

Reliability  Reports 

10.2.2 

Qualification  Test  Requirements 

11.1.2 

Acceptance  Test  Requirements 

12.0 

•  Design  Integration  Tests 

15.1  -  15.7 

Logistics  Data 

16.0  Items  11,  15,  17-19 

Exhibits  Required  for  Tentative,  or 
Final  Approval 
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DE'oICN  CHECK  LIST  -  MECHANICAL 


DRAWIHG  TITLE 


Bearings 

a.  Aro  Hearings  protected  from  corrosion  and  galling  due 
to  dirt,  moisture ,  carbon,  dust,  and  insufficient 
lubricant? 

i 

b.  Axe  bearings  protected  from  brinelling  duo  to  vibration, 
shook,  or  soft  metal? 

Blower  Blades 

Aro  biadoo  made  of  high  strength,  stiff,  lightweight 
material  in  which  blade  angle  or  pitch  is  not  easily  upset? 

£MS> £2  <Aa  - 

V/ill  friction  type  clutches  stick  or  o^rato  intermittently 
duo  to  breakdown  of  friction  mates or  effect  of  environ¬ 
mental  temperature  and  vibrations  cylking? 


Dials 


ad  vibrato^  cyuxi 
% 

•i  rvviSfi  Ahn  thfLt  thr 


INITIALS  DATE 


Aro  dial  pointers  so  instb^cu  that  they  cannot  become  : 
loose  on  shafts?  •C>-^ 

Filter,  '  Xf 

Aro  filters  used  11k  hr/draulic  systemo?  Contamination  has 
caused  oorvo  vAve  blogging  and  system  failure.  (Bomaro)  • 

Coats  v 

a.  Are  selected  gear  combinations  resistant  to  excessive  _ 
wear? 

b.  Have  gear  trains  been  evaluated  and  tolerances  established 
for  backlash? 


PACE  NUMBER 


APPLICATION  '  ■ 

NEY.T  ASSY 

USED  ON 

sect.no 

SERIAL  NUMBER  . 

25-02674’ 

X-20 

- 

25-82674 

X-20 

- 

- 

aJfr- 
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ONLY  THE  !TEM(S)  LISTED  ON  THIS  DRAWING  AND  IDENTIFIED  BY  VENDOR’S  NA.V.E(S), 
ADDRESS(ES),  AND  PART  NUM3ER(S),  HAVE  BEEN  TESTED  AND  APPROVED  BY 
THE  BOEING  COMPANY  FOR  USE  IN  X-20A 

A  SUBSTITUTE  ITEM  SHALL  NOT  BE  USED  WITHOUT  PRIOR  TESTING  AND  APPROVAL 
BY  THE  BOEING  COMPANY. 
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Figure 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


..Title 

Schematic,  Nitrogen  Purge  System  V. 

Envelope,  Valve  Assembly,  Nitrogen  Purge  /. 

Envelope,  Heater,  Nitrogen  Purge  A? 

Preliminary  Sinusoidal  Vibration  Test  Envelope 
Random  Vibration  Te3t  Envelope  'y 

Substitute  Sine  Test  Envelope  1  j 

I  V 

Acoustic  Design  Environment,  Internal,  Equipment  Bay 
.Plow  Rata  vs.  Pressure  Rate  *>7 

Vertical  Velocity  and  Altitude  vs.  Time 

.Structure  Temperature  vs.  Time  ■  }? 

.Surrounding  Structure  . 

.  .Example  Page  Design  Chock  List 
Acoustic  Design  Environment,  External,  Equip.  Bay  ~C 
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2.0  APPLICABLE  DOCTORS 

Government  -  The  following  documents  of  the  issue  and 
revisions  noted  form  a  part  of  this  specification  to  the  ertont  specified 
herein.  Where  conflicting  requirements  exi3t,  the  requirements  of  thi3  speci¬ 
fication  shall  govern. 

MIL-I-26600  Interference  Control  Requirements, 

Aeronautical  Equipment,  17  June  1959  . 

'  KIL-3-5272C  Environmental  Testing,  Aeronautical  and  Associated 

Equipment,  General  Specification  for,  20  January  i960 

MIL-P-27401A  '  Propellant,  Nitrogen,  Pressurizing,  7  November  i960 

MIL-S-4040C  Solenoid,  Electrical,  General  Specification  for, 

23  January  1953  , 

MS- 33540C  Safety  Wiring,  General  Practices  for, 

17  March  1959 

MS-33586  Metals,  Definition  of  Dissimilar, 

‘  16  December  1953 

2.2  Boeing  -  The  following  documents  and  drawings  rdf  the  issue 

established  by  the  purchase  order  form  a  part  of  this  specification  to  the 
extent  specified  herein.  Where  conflicting  requirements  exist,  the  requirements 
of  this  specification  shall  govern. 

22-7391  Specification,  Characteristics  of  Glider  Electric 

Power  and  General  Requirements  for  Load  Equipment 

D2-80396  General  Requirements  Document  for  Dyna-Soar  Source 

Control  Drawings  and  Design  Procurement  Specifications 

EAC  N18U  Fitting  End  -  Self  Flaring  Fitting  Standard  Dimensions 

For 

BAC  5759  Cleaning  of  Contamination  Sensitive  Parts 

DM  70  Section  14,  "Protective  Finish" ,  Boeing  Design  Manual 


10-81006 


BAC  5902 


High  Temperature  Electric  Wire  -  Insulated,  Metal 
Sheathed* (1800°F) 

Brazing  with  Nickel  and  Cobalt  Base  Filler  Metals 
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3.1 


3.1.1  General  -  Data,  interchangeability,  selection  of  standards 

and  specifications,  materials  and  processes,  workmanship  and  reliability  require¬ 
ments  shall  be  as  specified  in  Document  D2-80J96,  "General  Requirements  Document 
for  Dyna-Soar  Source  Control  Drawings  and  Design  Procurement  Specifications" 
dated  April  4,  1962, except  as  noted  in  Section  6.0  of  this  specification. 


3. 1.1.1;  Description  -  With  reference  to  Figure  1,  the  nitrogen  purge 

equipment  provides  for  the  following: 


A.  Shut-Off  Control  for  Purge  Operation 


B.  Vaporization  of  Liquid  Nitrogen  for  Purge  Operation 

C.  Temperature  Control  of  Nitrogen  Purging  Gas  for  Purge  Operation 
' D.  Flow  Control  of  Nitrogen  Purging  Gas  for  Purge  Operation 

A  system  shut-off  valve  is  opened  electrically  allowing  cryogenic  nitrogen 
to  f low  through  the-  purge  system  until  de-energized  after  touchdown. 

Vaporization  of  liquid  nitrogen  for  normal  inflight  operation  is  assured 
by  a  heater  located  between  the  water  wall  and  outside  structure.  -The  heater 
absorbs  energy  by  radiation  heat  transfer  from  the  outside  structure  prior  to 
purge  operation  during  re-entry.. 

For  the  air  launch  and  a  boost  abort  situation  the  heater  utilizes  electrical 
energy  for  the  necessary  storage  heat  to  vaporize  the  cryogenic  nitrogen  passing 
through  the  system. 

A  temperature  control  function  is  provided  to  assure  that  gaseous, nitrogen 
will  enter  the  Secondary  Power  Bay  and  the  unpressurized  Equipment  Bay  within  a 
controlled  temperature  range. 

A  flow  control  function  is  provided  for  nitrogen  purge  flow  control  during 
descent.  The  system  will  sense  the  rate  of  pressure  increase  and  automatically 
control  the  flow  rate  of  nitrogen  entering  the  Secondary  Power  Bay  and  the 
unpressurized  Equipment  Bay  in  order  to  assure  a  slight , positive  pressure  within 
the  bay  for  any  flight  profile  of  the  X-20  glider. 
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3.1.2 


Design 


3* 1.2.1  Fail-Safe  Design  -  Each  component  shall  "be  designed  so  that 

failure  shall  cause  the  minimum  imparime- it  of  system  operation.  Ho  single 
failure  shall  result  in  a  lower  degree  of  pilot  safety.  As  a  design  objective 
•failure':of  the  -1  valve  assemtf  or  the  -2  heater  shall  not  cause  depletion  of 
the  nitrogen  storage  tank. • 

3*1. 2. 2  Plumbing  Connections  -  Precision  super-finish  close-tolerance 

IHL-Flo  fittingsper  -BAC-H10U  shall  be  utilised  on  all  conventional  internal 
plumbing  connections.  External  connections  shall  be  as  specified  on  the  envelope 
drawings  per  Figure  .2  and  3-  On  all  other  plumbing  connections  the  connection 
most  suitable  for  the  application  shall  be  used.  Reliability,  mininum&eakage , 
low  weight,  and  the  capability  of  disconnect  and  reconnect  shall  be  considered 
in  selecting  the  connection  to  be  used.  In  no  case  shall  pipe  threads  be  U3ed. 

3.1.2. 3  leakage  -  Leakage  shall  be  kept  to  a  minimum.  As  a  design 

objective,  the  leakage  shall  be  zero.  - 


3.1. 2. 4 


Electrical  Connections  -  All  electrical  connections  which 


interface  with  Boeing  wiring  shall  terminate  in  an  electrical  receptacle  which 

mates  with  a  Bendix  SP06CE _ S  Pygmy  bayonet  type  plug.  All  electrical  connectors 

shall  be  Bendix  Pygmy  connectors.  All  internal  connections/shall  be  mechanically 
and  electrically  sound. 

3. 1.2. 5  Calibration  Adjustments  -  Any  calibration  (non-operating) 
adjustments  shall  be  firmly  secured  to  prevent  shifts.  Calibration  adjustments 
shall  be  clearly  indicated. 

3. 1.2. 6  Lubrication  -  Lubrication  requirements  shall  be  held  to 

a  minimum  consistent  with  performance  and  other  requirements  of  this  specifi¬ 
cation.  If  periodic  lubrication  is  required,  provisions  shall  he  made  for 
easy,  controlled  application  at  infrequent  intervals. 

3. 1.2. 6.1  Solid  film  dry  lubricant  may  be  U3ed  in  areas  exposed  to 

cryogenic  fluids  if  qualified  for  use  withbthe  applicable  cryogen.  Dry  film 
lubricant  in  direct  contact  with  cryogens  must  be  unaffected  by  exposure  to  the 
cryogen  and  shall  remain  effective  for  the  entire  life  of  the  equipment.  In 
addition,  the  lubricant  shall  not  cause  contamination  of  the  cryogen  which  would 
cause  purge  equipment  failures. 

3. 1.2. 7  Wiring  Schematic  -  Where  size  and  configuration  permit,  a 
durable  schematic-wiring  diagram  shall  be  permanently  attached  to  each  electrical 
or  electronic  unit.  The  material  which  the  schematic  is  made  of  must  be  com¬ 
patible  with  the  equipment  and  its  environment  during  operation. 
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1.2.16  Finish  -  As  a  design  objective,  organic  or  other  potentially 

hazardous  finishes  shall" not  be  used.  Where  finishes  are  required,  consideration 
shall  be  given  to  the  use  of  finishes  which  have  a  temperature  capability. equal 
to  or  greaterrthan  that  of  the  material  to  whichlthey  are  applied. and  in  no  case 
lower  than  that  temperature  the  equipment  nay  reach  under  failed  conditions. 

The  finishes  to  be  used  on  the  nitrogen  purge  equipment  shall  be  submitted 
to  Boeing  for  approval.  Finishes  in  Section  14,  Book  70, 

D-5000  may  be  used  as  a  design  guide. 

3,1,2.17  Solenoids  -  All  solenoids  shall  conform  to  the  requirements 

of  MIL-S-4040  Type  II. 
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3,1.4. 3  Environment  -  The  equipment  shall  be  capable  of  satisfactory 

performance  after  exposure  to  any  combination  of  the  following  transportation 
and  storage  conditions  and  during  exposure  to  any  combination  of  the  following 


flight  conditions: 

3.1.4.3.1  Temperature 

3.1.4. 3.2  •  ■  Humidity 

3.1.4. 3. 3  Pressure 

3»1.W3*^  Vibration  . 

3.1.4.3.5  Acceleration 


•  •  U> 

Transportation  and  Plight  Operation 


Storage  Conditions  ■  - 

-65°P  to  l60°P 

0  to  10G$  including 
'condensation 

Sea  Level  to  50»000  • 
Ft.  Altitude  •  ■■  - 

No  Requirement 

No  Requirement 


Conditions 

-658P,to  220°P  for  -1 
-65 °P  to  J^F  for  -2 

0  to  100$  including 
condensation 

Approximately 
0  to  15  psia 

See  Figure  5 

Sustained  2  minutes 
glider  acceleration 
as  follows: 

Forward  7.0G 

Aft  2.2G 

Up  •  4.5G 

Down  1.1G 

Lateral  +1.5G 


3.1.4.3.6  Shock 


3.1.4.3.6.1 
3. I.4.3. 

3.1.4.3.7 

3.1.4.3.8 


Normal  Shock 

Crash  Shock 

Acoustics 

Attitude 


Drop  per  paragraph 

5.3 

No  Requirement 


No  Requirement 
Any  Attitude 


3G  for  15  milliseconds] 
duration  maximum. 

Glider  acceleration 
for  12  milliseconds 
maximum  as  follows: 


Forward 

Aft 

Up 

Down 


None 
20G  -;?n 
10G  " 
,5G 


.+• 


Lateral  +6.9G  +18.8G„i|ft 

See  Figure  7  fox'  -1 
See  Figure  13.  for  -2 

Any  Attitude 


3.1.4. 3.9  Explosive 

Atmosphere 

No  Requirement 

Stoichiometric 
mixtures  of  hydrogen 
and  oxygen. 

-  “  r.r  . 

•  r  i  *  *  ..  .  t  '  '  1 

*J*  '  <y  *»  0 

':.c  '’irp' out 

-.3  .  p  it, 

packaged  for  transportation  and  storage 
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J.2  Valve  Assembly,  Nitrogen  Purge  ( 10-81170-1 ) 

5.2*1  Description  -  The  Nitrogen  Purge  Valve  Assembly  located  in 

the  unpressurized  equipment  hay  accomplishes  the  following  functions: 

A.  Controls  nitrogen  flow  through  the  equipment  fusing  a  shut-off 
valve  which  is  opened  electrically. 

B.  Performs  a  temperature  control  function  for  the  nitrogen  gas  entering 
the  Secondary  Power  Bay  hy  way  of  this  equipment  and  the  distribution 
tubing. 

C.  Provides  a  flow  control  function  for  nitrogen  gas  entering  the  purge 
distribution  tubing  in  order  to  assure  a  slight  positive  pressure 
within  the  unpressurized  bays  of  the  X-20  glider  during  descent. 
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3.2.2. 


Design 


3r2,2.1  Comnatibility  -  The  materials  used  in  construction  of  the 

-1  valve  assembly  shall  be  compatible  with  liquid  and  gaseous  nitrogen  per 
MIL-P-27401A. 

3. 2.2.2  Leakage  -  Internal -to-extemal  leakage  on  any  component 
within  the  -1  valve  assembly  shall  not  exceed  0.0005  lb/min. 

Internal -to- internal  leakage  on  any  component  within  the  -1  valve  assembly 
shall  not  exceed  0.0001  lb/min. 

3. 2. 2. 3  Flow  Rate  -  With  reference  to  Figure  1  the  flow  rate  at 
Point  "D"  of  the  -1  valve  assembly  and  into  the  purge  distribution  tubing  shall 
be  0.5  lb/min  until  the  pressure  rate  of  Figure  8  has  been  reached;,  at  this 
point  the  -1  valve  assembly  shall  modulate  the  flow  rate  according  .to  .the 
pressure  rate  requirements  of  Figure  8  and  9  untiltouchdown. 

3. 2. 2. 4  Flow  Direction  -  The  -1  valve  assembly  shall  be  capable  of 
flow  in  the  directions  shown  in  Figure  1.  A  permanent  arrow  shall  be  provided 
on  the  valve  assembly  to  indicate  flow  direction.  As  an  option  the  inlet  and 
outlet  may  be  provided  with  permanent  markings. 

3. 2. 2. 5  Purge  Yolune  -  The  total  unoccupied  volume  within. the 
unpressurized  bay  is  50 ft?  *or- nitrogen  purging  requirements. 
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3.2.4  Performance 

5. 2. 4.1  'The  performance  of  the  -1  valve  assembly  shall  he  as  specified 
in  the  following  paragraphs. 

3.2. 4.2  Pressure  Drop  -  With  reference  to  Figure  1,  the  pressure 
drop  through  the  -1  valve  assembly  and  the  -2  heater  shall  not  exceed  the  values 
specified  below  for  the  flow  path. 

Flow  Path  Pressure  Drop  -  Psi 

A  to  D  10 

3.2.4. 3  Electrical  Power  Consumption  -  The  electrical  power  con¬ 
sumption  of  the  -1  valve  assembly  shall  not  exceed  'JO  watts. 

3. 2. 4.4  Temperature  -  The  -1  valve  assembly  shall  be  designed  for 
temperatures  as  specified  in  the  following  subparagraphs. 

3. 2. 4. 4.1  The  nitrogen  inlet  or  supply  temperature  shall  be-300°F  to 
-265°F  during  operation  of  the  nitrogen  purge  system. 

3. 2. 4. 4. 2  The  temperature  leaving  the  -1  valve  assembly  and  entering 
the  unpressurized  bays  shall  be  controlled  to  60  +80°F. 

3. 2. 4. 5  Back  Pres store  -  Back  pressure  shall  not  be  allowed  to  enter 
the  nitrogen  tank  from  the  -1  valve  assembly. 

3. 2. 4.6  Tubing  Segments  -  With  reference  to  Figure  1,  the  length 
of  the  tubing  segments  are  as  specified: 


Segment 

Length 

W  -  A 

40  inches 

B  -  X 

43  inches 

Y  -  C 

43  inches 

D  -  Z 

120  inches 

3. 2. 4.7  Shutoff  Operation  -  The  shut-off  function  shall  be  capable 

of  satisfactory  operation  using  23  to  30  VDC  power. 

The  shut-off  function  shall  be  controlled  by  a  normally  closed  solenoid 
(closed  when  not  energized).  A  latching  type  solenoid  shall  be  used. to  assure 
that  closing  of  the  valve  shall  not  occur  after  being  opened.  Energization  of 
the  latching  solenoid  from  ground  power  shall  permit  the  shut-off  function  to 
close. 
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3*5.1  Description  -  The  -2  heater  located  underneath  the  unpres¬ 

surized  Equipment  Bay  accomplishes  the  following: 

A.  Stores  thermal  energy  absorbed  during  re-entry  to  vaporise  liquid 
nitrogen  for  the  unpressurized  bay  puring  requirements  during 
doscent.  The;: thermal  energy  stored  results  from  structural 
radiation  due  to  aerodynamic  heating  during  re-entry.  For  the 
heater  position  in  relation  to  the  radiating  surface  (see  Figure  11). 

B.  Stores  thermal  energy  from  ground-electrical  power  to  vaporize 
liquid  nitrogen  for  the  unprescurizcd  bay  purging  requirements  after 
a  boost  abort  condition.  The  thermal  energy  stored  results  from 
electrical  resistance  incorporated  into  the  heater  design. 

C.  Stores  thermal  energy  from  B-52  electrical  power  to  vaporize  liquid 
nitrogen  for  the  unpressurized  bay  purging  requirements  after  the 
air  launch. 
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Design 


5. J.2.1  '  Compatibility  -  The  materials  usediin  construction  of  the 

-2  heater  shall  be  compatible  with  liquid  and  gaseous  nitrogen  per  KH-P-27401A 

3. 3« 2. 2  Leakage  -  Internal -to-extemal  leakage  of  the  -2  heater 

shall  not  exceed  .0001  lbs/min. 

3. 3 .2. 3  Flow  Capacity  -  The  flow  capacity  through  the  -2  heater 
shall  be  as  required  to  comply  with  the  requirements  of  Figure  8  aidf9  and  the 
temperature  outputs  of  paragraph  3» 2. 4. 4. 2. 

3. 3.2.4  Flow  Direction  -  The  -2  heater  shall  be  capable  of  flow 
in  the  direction  shown  in  Figure  1.  The  inlet  and  outlet  shall  be  provided! 
with  a  permanent  marking  to  indicate  flow  direction. 
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3.3.3  ,  Construction 

5 • 3 .1  Pressure  -  The  design  pressure  of  the  -2  heater  3hall  be 

as  recmired  to  meet  the  requirements  of  the  -1  valvo  assembly  and  the  purging 
requirements  of  the  Secondary  Power  Bay  and  the  unpressurized  Equipment  Bay. 

3.3.3. 2  Emissivity 

3. 3. 3. 2.1  The  emissivity  of  all  surfaces  of  the  -2  heater,  except 

that  surface  specified  in  paragraph  3. 3. 3. 2. 2,  shall  not  exceed  0.1  over  a 
maximum  temperature  of  950°P  for'  its. life. 

3. 3* 3*2. 2  The  emissivity  of  the  bottom  surface  of  the  -2  heater 
facing  the  corrugated  surface  as  iovm  in  Figure  11  shall  be  as  required  to 
comply  with  the  performance  requirements  of  paragraph  3.5.4. 

3. 3* 3* 2. 3  The  emissivity  of  all  Rene  4l  surfaces  seeing  the  -2  heater 
a3  shown  in  Figure  11  is  0.70. 

3. 3* 3. 2. 4  The  average  emissivity  of  the  water  wall  surface  is  .125 

throughout  the  temperature  range  of  Figure  10. 

3*3.3. 3  Temperature  Switch  -  A  temperature  switch,  which  shall  be 

capable  of  operating  from  ground  power  as  specified  in  paragraph  3.1.2.10, 
shall  bo  provided  to  control  the  -2  heater  temperature  to  375  +25°F.  A  snap 
action  type  switch  shall  be  used  utilizing  the  power  requirements  of  paragraph 
3. 3*4.3  and  capable  of  withstanding  the  ambient  temperature  of  paragraph  3*1. 4. 3.1 
(for  -2)  without  loss  of  its  calibration  point. 
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3*3.4  Perforcfertca 

3. 3. 4.1  The  performance  of  the  -2  heater  shall  be  as  specified  in 
the  following  paragraphs. 

3. 3.4.2  Pressure  Drop  -  Tho  pressure  drop  across  the  -2  heater 
shall  comply  with  the  requirements  of  paragraph  3. 2. 4. 2. 

3. 3 .4. 3  ■  Electrical  Power  Consumption The  total  electrical  power 
consumption  of  the  -2  heater  snail  not  exceed  3 00  watts  f<5r  ground  heating 
requirements. 

The  -2  heat°r  shall  be  capable  of  operating  within  the  power  requirements 
of  paragraph  3.1.^,10. 

3. 3*4.4  Temperature  -  The  temperature  of  the  inside  radiating 

surface  under  the  -2  heater  for  any  tine  after  launch  will  be  as  specified  in 
Figure  10. 

3. 3*4.5  Surrounding  Structure  -  The  location  of  structure  surrounding 

the  -2  heater  will  be  as  ahown  in  Figure  11. 

3. 3.4.6  Heat  Storage  Capacity  -  The  minimum  heat  storage  capacity 

of  the  -2  heater  above  a  100°P  reference  shall  be  2300  Btu.  for  vaporization 
of  liquid  nitrogen  during  normal  inflight  operation  after  re-entry. 
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4.5*4  Leak  Test  -  Each  article  shall  he  pressurized  to  its  maximum  design 
working  pressure.  The  leakage  shall  not  exceed  the  limits  specified  in  Paragraphs 

3. 2. 2. 2  and  3*3.2. 2  for  'each  article. 

4*5»5  Proof  Test  -  Each  article  shall  he  pressurized  to  its  design  proof 
pressure.  No  permanent  deformation  or  operational  failure  shall  result.  The  leakage 
shall  not  exceed  the  limits  specified  in  Paragraphs  3. 2. 2. 2  and  3. 3. 2. 2  for  each 
article. 

4*5*6  Burst  Test  -  Each  article  shall  he  pressurized  to  its  design  hurst 
pressure.  The  leakage  shall  not  exceed  the  limits  specified  in  Paragraphs  3. 2. 2. 2  and 

3. 3. 2. 2  for  each  article.  Permanent  deformation  and  operational  degradation  shall  he 
acceptable . 

4*5*7  Life  Test  -  To  determine  that  the  equipment  is  suitable  for  the  opera¬ 
tional  life  indicated  in  3*1*4«1,  &  life  test  shall  he  conducted  with  the  equipment 
operating  under  nominal  flight  conditions  for  a  period  of  100  hours,  except  for 
rotating  parts  which  shall  demonstrate  a  life  capability  of  2000  hours.  Servicing  gfrnn 
be  accomplished  at  500  hour  intervals,  except  for  cryogenic  bearings  which  -^n  be 
serviced  every  100  hours.  Instrumentation  shall  be  required  to  show  that  the  equipment 
operates  per  the  requirements  of  Section  3  of  this  specification. 

4*5*8  Radio  Interference  Test  -  Radio  interference  tests  shall  be  conducted  on! 
each  article  of  equipment  in  accordance  with  MIL-1-26600. 

4*5*9  Operational  Test  -  Operational  tests  of  the  integrated  purge  equipment 
shall  be  conducted  to  assure  that  the  proper  range  of  design  outputarls  o'  '  .lead  when 
the  equipment  is  supplied  the  range  of  design  inputs.  The  tests  shall  show. that  the 
equipment  operates  normally  with  adequate  response.  Operation  conditions  and  parameters 
shall  be  recorded.  Operational  tests  shall  be  conducted  using  a  simulated  inservice 
installation. 
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4*5*10  Dielectric  Strength  Test  -  The  equipment  shall  withstand  without  break¬ 
down,  the  high  potential  test  voltage  requirements  of  Paragraph  3. 1.2.15.  Capacitors 
and  semoconductor  devices  shall  be  disconnected  for  this  test  if  necessary.  H 

'  '  r  | 

4*5*11  Cycling  Test  -  Debugging  tests  designed  to  assure  that  "weak"  elements 
fail  shall  be  conducted.  Tnis  testing  shall  be  designed  to  eliminate  early  failures  due  1 
to  manufacturing  type  defects  such  as  faulty  components  or  workmanship  and  shall  be  5  j 
based  primarily  on  elements  and  operating  conditions  found  during  development  and 
qualification  testing  to  be  critical  to  satisfactory  operation.  Until  sufficient  data 
is  obtained  to  establish  a  minimum  value,  each  article  shall  be  fully  cycled  500  times,  j  I 
The  vendor  may,  as  experience  and  improvement  reduce  the  number  of  initial  failures,  U 
recommend  reductions  in  the  minimum  amount  of  operating  time  necessary  at  the  manufac¬ 
turer  s  facility.  Upon  approval  by  the  Boeing  Engineering  Department,  the  above  require¬ 
ments  will  be  revised.  M 


4*5*12  High-Temperature  Test  -  The  equipment  shall  be  tested  in  accordance  with 
paragraph  r.1.2  o±.  MIL-E-52 [2C  except  exposure  time  shall  be  as  required  to  maintain  an 
equilibrium  temperature  of  220°F.  1. 


■■  4.5.13  Low-Temperature  Test  -  The 
paragraph  4.2.1  of  MIL-E-5272C. 


/ 


equipment  shall  be  tested  in  accordance  with 
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5*o  mussmsios  for  delivery 

5»1  Packaging  and  I'arking  -  Packaging  and  marking  of  the  articles 

procured  by  this  specification  shall  bo  in  accordance  with  the  provisions  of 
I2-8039o,  Section  14. 

3*^  Sealing  of  Ports  -  Each  port  shall  he  sealod  with  a  clean 

temporary,  removable,  re-usable  cover  or  plug.  Threaded  plugs  of  soft  motal, 
polyethylene  or  other  materials  which  may  flake  and  cause  contamination  shall 
not  be  used.  The  equipment  shall  meet  the  requirements  of  3.1. 3.2  a3  shipped. 

5*3  Shipping  Container  -  The  shipping  container  shall  be  designed 

such  that  shocks  as  a  result  of  dropping  the  container  shall  not  cause  damage 
to  the  packaged  equipment  within  or  require  an  increase  in  the  weight  of  the 
equipment,.  The  magnitude  of  the  shocks  shall  be  based  upon  dropping  the 
container  with  the  packaged  equipment  therein  once  on  each  face  upon  a  flat 

concrete  surface.  The  height  of  drop  shall  be  determined  from  the  following 
table : 


Weight  of  Container  with 
Article  Installed 


Shipping  container  testing  shall  not  be  conducted 
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6.4.2  A  task  list  including  manhours, individual  responsible,  and 

start  and  completion  scheduling  to  provide  control  of  the  following  reliability 
actions  required  in  D2-803J)6:  ' 


A.  Reliability  Analysis  (Paragraph  7*l»2.l/c/  ) 


B.  Compatibility  Factors  (Paragraph  7.1.2.l/d/  ) 

C.  Preliminary  and  Critical  Design  Reviews  (Paragraph  84. 1  end  8.1.2) 

D.  Hardware  Review  (Paragraph  S.2)  •  - 

E.  Demonstration  Plan  (Paragraph  7*1»3*2) 

6.4.3  'A  brief  description  of  the  Manufacturing  and  Quality  Control 

Record  System. 

6.5  Design  Check  List  -  The  vendor  shall  provide  a  design  check 

list  for  each  article  procured  by  this  specification.  The  list  shall  comprise 
a  tabulation  of  items  which  the  vendor  considers  in  the  hardware  design  in  order 
to  assure  reliability.  An  example  page  of  a  dosigr/check  list  is  shown  as  Figure  12 


The  design  check  list  shall  be  utilized  by  the  vendor  during  hardware  design 
to  ensure  that  features  which  assure  hardware  reliability  are  incorporated. 

During  the  reviews  required  by  paragraph  8.0  of  D2-80396,  the  hardware  design, 
and  the  actual  hardware  when  available,  will  be  inspected  for  incorporation  of 
design  features  contained  in  the  list. 

As  a  minimum,  the  design  check  list  shall  include  the  following: 

A.  Establish  design  concepts  to  enable  recognition "and  Resolution  of 
problem  areas  as  uncovered  by  the  failure  mode  and  effect  analysis. 

(see  paragraph  7«l*2.1c  of  D2-80396).. 

B.  Mew  design  practices  and  procedures,  fabrication  techniques,  and 
processes  developed  to  support  the  hardware  design. 

C.  Current  standard  practices  and/or  procedures  which  are  considered  a 
norpal  part  of- good  design  and  are  applicable  to  the  hardware. 
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